Background and objectives The prevalence of ESRD among Hispanics/Latinos is 2-fold higher than in non-Hispanic whites. However, little is known about the prevalence of earlier stages of CKD among Hispanics/Latinos. This study estimated the prevalence of CKD in US Hispanics/Latinos. Results The overall prevalence of CKD among Hispanics/Latinos was 13.7%. Among women, the prevalence of CKD was 13.0%, and it was lowest in persons with South American background (7.4%) and highest (16.6%) in persons with Puerto Rican background. In men, the prevalence of CKD was 15.3%, and it was lowest (11.2%) in persons with South American background and highest in those who identified their Hispanic background as "other" (16.0%). The overall prevalence of CKD was similar in HCHS/SOL compared with non-Hispanic whites in NHANES. However, prevalence was higher in HCHS/SOL men and lower in HCHS/SOL women versus NHANES non-Hispanic whites. Low income, diabetes mellitus, hypertension, and cardiovascular disease were each significantly associated with higher risk of CKD.
Introduction
Hispanics/Latinos are the largest minority group in the United States and this population is projected to become one-third of the US population by 2060 (1) . In addition, Hispanics/Latinos are culturally, socioeconomically, and genetically heterogeneous and represent a wide variety of national origins (2) . CKD is a major health problem in the United States and recent evidence suggests that Hispanics/Latinos are disproportionately affected. Over 90,000 US Hispanics/Latinos with ESRD were treated by hemodialysis in 2011, and the rate of incident ESRD among Hispanics/Latinos is 50% greater than in non-Hispanics (3). However, little is known about the prevalence of earlier stages of CKD. Estimates of the prevalence of CKD in the United States are principally derived from the National Health and Nutrition Examination Survey (NHANES). Because NHANES studied mainly Mexican Americans (one-half of which were US born), our understanding of differences in CKD prevalence among major Hispanic/Latino background groups is incomplete. We studied the prevalence and risk factors associated with CKD in a group of Hispanic Americans with a broad range of ethnic backgrounds who were enrolled in a community-based cohort representative of the US Hispanic/Latino population.
Materials and Methods

Study Participants
The Hispanic Community Health Study/Study of Latinos (HCHS/SOL) is a population-based cohort of 16, 415 Hispanics/Latinos aged 18-74 years from randomly selected households in four US field centers (Chicago, Illinois; Miami, Florida; Bronx, New York; and San Diego, California) with baseline examination (2008) (2009) (2010) (2011) and yearly telephone follow-up assessment. Participants self-reported their background as Cuban, Dominican, Mexican, Puerto Rican, or Central or South American. The category "other" was used for participants belonging to a group not listed or to more than one group. The sample design and cohort selection were previously described (4, 5) . Briefly, a stratified two-stage area probability sample of household addresses was selected in each field center. The first sampling stage randomly selected census block groups with stratification based on Hispanic/Latino concentration and proportion of high/low socioeconomic status. The second sampling stage randomly selected households, with stratification, from US Postal Service registries that covered the randomly selected census block groups. Finally, the study oversampled the group aged 45-74 years (n=9714, 59.2%) to facilitate examination of target outcomes. Sampling weights were generated to reflect the probabilities of selection at each stage. Of 39,384 individuals who were screened and selected and who met eligibility criteria, 41.7% were enrolled, representing 16,415 persons from 9872 households. This study adheres to the Declaration of Helsinki and was approved by the institutional review boards at each field center where all participants gave written consent.
Data Collection and Variable Definition
The baseline study examination included clinical measurements, questionnaires, and fasting venous blood and urine specimens. Demographic factors, socioeconomic status, acculturation, cigarette smoking, and medical history were obtained using standard questionnaires. Medication use was ascertained by conducting an inventory of all currently used medications. BPs were defined as the average of the second and third of three repeat seated measurements obtained after a 5-minute rest. Hypertension was defined as systolic BP $140 mmHg, diastolic BP $90 mmHg, or use of antihypertensive medication. Diabetes mellitus was defined as fasting plasma glucose of $126 mg/dl, 2-hour postload glucose levels of $200 mg/dl, a hemoglobin A1c level of $6.5%, or use of antidiabetes medication. The presence of cardiovascular disease was self-reported. CKD awareness was ascertained by asking the following question: "Has a doctor ever said that you have kidney problems?"
Kidney Function Measurements
Creatinine was measured in serum and urine on a Roche Modular P Chemistry Analyzer using a creatinase enzymatic method (Roche Diagnostics, Indianapolis, IN). Serum creatinine measurements are isotope dilution mass spectrometry traceable. Urine albumin was measured using an immunoturbidimetric method on the ProSpec nephelometric analyzer (Dade Behring GmbH, Marburg, Germany). Serum cystatin C was measured using a turbidimetric method on the Roche Modular P Chemistry Analyzer (Gentian AS, Moss, Norway). We estimated GFR using three different equations, which were developed from pooling of 5352 participants from 13 studies: (1) Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine, (2) CKD-EPI cystatin C, and (3) CKD-EPI creatininecystatin C (eGFR creat-cyst ) (6) . CKD was defined by either a low eGFR (,60 ml/min per 1.73 m 2 ) or the presence of albuminuria based on spot urine samples using sex-specific cutoffs (urine albumin/creatinine ratio $17 mg/g in men and $25 mg/g in women) (7).
Statistical Analyses
Summary statistics, prevalence estimates, and odds ratios (ORs) were weighted to adjust for sampling probability and nonresponse as previously described (4, 5) . All analyses account for cluster sampling and the use of stratification in sample selection. Low eGFR, albuminuria, and CKD prevalence were computed by sex and for all participants by Hispanic/ Latino background with and without adjustment for age. Survey-specific procedures were used to compute 95% confidence intervals (95% CIs) to account for the two-stage sampling design, stratification, and clustering. Comparisons across Hispanic/Latino groups were performed using the overall Wald test. Multivariable survey logistic regression analyses were used to examine associations of sociodemographic and clinical factors with prevalence of low eGFR creat-cyst , albuminuria, and CKD. ORs with 95% CIs were computed. All statistical tests were two sided at a significance level of 0.05. No adjustments were made for multiple comparisons. All analyses were performed using SAS software (version 9.2; SAS Institute). Additional analyses were conducted to estimate the prevalence of low eGFR (using the CKD-EPI creatinine equation given that cystatin C was not available in 2007-2010 NHANES participants), albuminuria, and CKD among Mexican Americans (n=2007), non-Hispanic whites (n=4507), and non-Hispanic blacks (n=1938) in the 2007-2010 NHANES. We followed recommendations from the National Center for Health Statistics to account for stratification and clustering of the survey design, as well as oversampling of ethnic minorities and elderly persons (8) . Age-adjusted estimates were calculated using the mean age of participants in HCHS/SOL and NHANES (the mean age for HCHS/SOL participants and NHANES participants was 41 years).
Results
Of the 16,415 HCHS/SOL participants, 15,161 (92.4%) were included in analyses to estimate prevalence of low eGFR, albuminuria, and CKD (9032 women and 6129 men); 1001 participants (6.1%) were excluded because of missing data on serum creatinine (n=168), serum cystatin C (n=116), or urine albumin (n=717), and 253 participants were excluded due to missing data regarding race or Hispanic/ Latino background group. In addition, 1114 participants were excluded from regression analyses as a result of missing covariate data. Compared with individuals included in the study, those excluded due to missing data were of similar age (mean 41 years), sex (women: 49.9% versus 52.5%, P=0.12), and Hispanic/Latino background. The prevalence of CKD and albuminuria was higher among excluded compared with included participants (22.7% versus 13.4% and 16.1% versus 12.1%, respectively, P,0.001 for each comparison).
Participant Characteristics
The mean age was 41 years (Table 1) . Compared with persons without CKD, individuals with CKD were more likely to be older (48 versus 40 years, P,0.001), have annual household income ,$20,000 (48% versus 41%, P,0.001), attain less than a high school education (39% versus 31%, P,0.001), and have health insurance (60% versus 49%, P,0.001). Participants with CKD were also more likely to be obese (50% versus 38%, P,0.001), to have diabetes (38% versus 11%, P,0.001), and to have BP .140/90 mmHg (30% versus 8%, P,0.001). Participants with low eGFR had significantly more albuminuria.
Prevalence of CKD
The overall age-adjusted prevalence of CKD was 13.7% (based on the CKD-EPI creat-cyst estimating equation). Among women, the overall age-adjusted CKD prevalence was 13.0%; prevalence was lowest in persons with South American background (7.4%) and highest in persons with Puerto Rican background (16.6%) ( Table 2 ). In men, the overall ageadjusted prevalence of CKD was 14.8% and was lowest (11.2%) in persons with South American background and highest (16.0%) in those with other Hispanic background ( Table 2 ). CKD awareness was reported by 18% of participants who met our study criteria for CKD and by 34% of participants with eGFR ,60 ml/min per 1.73 m 2 (Table 1) Figure 1C ). CKD prevalence stratified by age is presented in Figure 1 , D-F. Of note, the presence of albuminuria was the main determinant of CKD in participants aged 18-44 years, whereas low eGFR was more common among individuals aged 55-74 years. Mean serum creatinine, cystatin C, eGFR, and age-unadjusted CKD prevalence, as well as the percentage of the US Hispanic/Latino population by eGFR and albuminuria category using the Kidney Disease Improving Global Outcomes 2009 definition and classification of CKD (9) are presented in Supplemental Tables 1-3 .
Baseline Clinical and Demographic Factors Associated with CKD
The adjusted prevalence odds for CKD were higher among Hispanics/Latinos with health insurance (OR, 1.25; 95% CI, 1.08 to 1.46), diabetes mellitus (adjusted OR, 1.64; 95% CI, 1.33 to 2.04), hypertension (OR, 1.67; 95% CI, 1.37 to 2.04), and selfreported cardiovascular disease (OR, 1.38; 95% CI, 1.07 to 1.77). Annual family income .$50,000 was associated with lower odds of CKD (OR, 0.71; 95% CI, 0.54 to 0.94) ( Table 3) . Hispanic/Latino background group, living in the United States for $10 years, educational attainment, and body mass index were not significantly associated with prevalent CKD. Similar patterns were observed separately for low eGFR creat-cyst and albuminuria (Table 3 ). In addition, for each 10-year unit increment in age, the odds of low eGFR were nearly 3-fold higher (OR, 2.88; 95% CI, 2.32 to 3.57), US-born Hispanics/ Latinos had higher odds of low eGFR creat-cyst (OR, 2.41; 95% CI, 1.51 to 3.84), and female sex was associated with lower odds of low eGFR creat-cyst (OR, 0.73; 95% CI, 0.54 to 0.99).
Discussion
The burden of CKD in the US population of Hispanics/ Latinos remains uncertain, because the most informative prior national estimate included primarily Mexican Americans and was performed about a decade ago (10) . Similarly, whether the higher prevalence of ESRD among Hispanics/Latinos is a result of greater prevalence of earlier stages of CKD or more rapid CKD progression (lower competing risk for death before ESRD) also remains unknown. Our study, the first systematic evaluation of the prevalence of CKD in a large diverse contemporary cohort of Hispanics/Latinos, adds important insights into each of these important questions. We found that the prevalence of CKD, defined as either an eGFR creat-cyst ,60 ml/min per 1.73 m 2 or albuminuria was 14%, varied markedly across Hispanic/Latino background groups and was similar to the prevalence of non-Hispanic whites in NHANES.
Correlates of CKD included lower annual income, hypertension, diabetes mellitus, and prevalent cardiovascular disease.
According to the 2013 US Renal Data System report, the rate of incident ESRD among Hispanics/Latinos is 50% greater than in non-Hispanics (3). This striking disparity in the burden of ESRD in Hispanics/Latinos underscores the importance of understanding the epidemiology of earlier stages of CKD in this population. However, very little is known about the epidemiology of CKD in Hispanics/ Latinos before the onset of dialysis (11) . By design, NHANES examines predominantly Mexican Americans and therefore does not provide insights into the prevalence of CKD in other Hispanic/Latino background groups.
Our findings of significant variation in the prevalence of CKD between Hispanic/Latino background groups have important public health implications. Prevalence was 17% in women of Puerto Rican background compared with 7% in women of South American background. This is consistent with a prior finding from HCHS/SOL of substantial differences in cardiovascular risk factor burden among Hispanic/ Latino background groups (cardiovascular risk factors are also risk factors for CKD) (12, 13) . After adjusting for clinical and demographic factors, the risk of CKD was similar across all Hispanic/Latino background groups. By contrast, the Hispanic Health and Nutrition Examination Survey reported a higher risk for CKD (defined as estimated creatinine clearance , 60 ml/min per 1.73 m 2 ) in mainland Puerto Ricans and Cuban Americans compared with Mexican Americans (14) . However, this survey was conducted .30 years ago and did not include an assessment of urinary albumin or serum cystatin C. Our findings in a larger, contemporaneous, and diverse cohort suggest that differences in CKD prevalence across background groups are explained by modifiable factors, including diabetes mellitus, hypertension, and cardiovascular disease. Nonetheless, future work is needed to explore the importance of additional risk factors, including genetic susceptibility (e.g., the presence of atrisk variants of apolipoprotein L1, which have been associated with increased risk of progression to ESRD in Hispanics with a greater degree of African ancestry) (15) .
Although the prevalence of ESRD is higher in Hispanics/ Latinos compared with non-Hispanic whites, we found the ; BMI, body mass index; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotenin receptor blocker; ACR, albumin/creatinine ratio; -, not applicable. overall prevalence of CKD to be similar between these two groups. This suggests that Hispanics/Latinos may be at increased risk for CKD progression or alternatively that the mortality rate before the onset of ESRD is higher in nonHispanic whites compared with Hispanics/Latinos. However, this hypothesis is not supported by analyses of data Cohort study, which includes Hispanics/Latinos with mild to moderate CKD, is expected to provide additional insights into this issue (17) . We also found that the prevalence of CKD was higher in men than women. Furthermore, in multivariable analyses, the odds of eGFR creat-cyst ,60 ml/min per 1.73 m 2 were lower in women than men. Interestingly, this is the opposite of what has been found in non-Hispanic whites (10) . Reasons for these differences are not clear and need further investigation. It is possible that these contrasting findings may be related to the lack of studies examining the validity of the eGFR equations in Hispanic/Latino background groups. In addition, we found that the HCHS/SOL participants with CKD were socioeconomically disadvantaged and displayed a high burden of cardiovascular risk factors and other comorbidities. More than one-half had an annual household income ,$20,000, 40% lacked medical insurance, 49% had hypertension, 38% had diabetes, and one-half were obese. Furthermore, we found a prevalence of current smoking of 21%, which is concerning given the known association between smoking and adverse CKD outcomes such as progression to ESRD, cardiovascular events, and death (18) . Interestingly, mean LDL cholesterol was 120 mg/dl, which is higher than that reported among 2001-2010 NHANES participants with CKD (111 mg/dl) and without CKD (117 mg/dl) (19) . Despite the presence of multiple cardiovascular risk factors, only 20% of individuals with CKD were prescribed either an angiotensin-converting enzyme inhibitor or an angiotensin receptor blocker, medications that are known to decrease CKD progression risk (20) . Also alarming is our finding that only 18% of individuals with CKD and 34% of those with eGFR creat-cyst ,60 ml/min per 1.73 m 2 were aware of having CKD, which is consistent with prior reports (21, 22) . These findings suggest that there is considerable opportunity to improve CKD management in Hispanics/Latinos, and there is an urgent need to improve CKD awareness among patients who might be missing important preventive and therapeutic opportunities that may decrease their CKD progression risk.
To estimate GFR in this study, we used three different equations (creatinine and cystatin C based) that have been validated in large and diverse US populations (6); however, they did not include a significant number of Hispanics/ Latinos in the cohorts used to establish them. Despite this shortcoming, the CKD prevalence estimates were similar for each of these equations. Future work is needed to validate GFR estimating equations in Hispanics/Latinos.
Our findings confirmed the strong association of established risk factors (e.g., hypertension and diabetes mellitus) with prevalent CKD in the Hispanic/Latino population. Similar to other studies (23-26), we found that lower annual household income was associated with prevalent CKD. We found a positive association between having health insurance and CKD; the reason for this finding is not clear, but we suspect that this could be because individuals with CKD have comorbid conditions (e.g., hypertension, diabetes mellitus) and therefore may be more likely to seek insurance coverage. We also examined issues related to acculturation, which are particularly relevant to the Hispanic/Latino population. Although place of birth and length of residence in the United States were not associated with increased risk for CKD (defined as albuminuria or eGFR creat-cyst ,60 ml/min per 1.73 m 2 ), birth in the United States was associated with a .2-fold higher adjusted odds of having an eGFR creat-cyst ,60 ml/min per 1.73 m 2 . This potentially suggests that the Western lifestyle adopted by US-born Hispanics/Latinos may be associated with increased risk for CKD and is consistent with an analysis from NHANES III, which found an association between birth in the United States and heightened cardiovascular risk (27) .
Our study has a number of positive features. First, this was a community sample and provides an opportunity to establish population estimates of prevalence. Second, we studied Hispanics/Latinos with diverse backgrounds. Third, the sample size was relatively large and participants were recruited from across the United States. Our findings should be considered with the following limitations. First, the classification of persons with CKD was based on single measurements of serum creatinine, cystatin C, and urine albumin. Second, the GFR estimating equations we used have not been yet validated in Hispanics/Latinos. Third, the cross-sectional study design limits interpretation of these associations. Finally, we used a second, nonconcurrent study, 2007-2010 NHANES, to compare prevalence of CKD in HCHS/SOL participants with non-Hispanics.
In summary, we found significant variation in CKD prevalence among Hispanic/Latino background groups. In addition, Hispanics/Latinos with CKD have low rates of health insurance, poor control of hypertension, low angiotensinconverting enzyme inhibitor/angiotensin receptor blocker use, and low awareness of CKD. Correlates of CKD included low income, hypertension, diabetes mellitus, and cardiovascular disease. Our findings have important implications for public health policy targeted at improving access to care and chronic disease management for this rapidly growing population. Future research is needed to better identify modifiable risk factors for CKD progression in Hispanics/Latinos.
